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1 Introduction
The growth in economy in China in the last 20 years has
been phenomenal. We have also witnessed the tremendous
progress in developing fundamental research in China in the
last decade. The area of gravity and cosmology is among
the most rapidly developing directions in physics. We will
briefly review some progress made in the last two years. It
should be noted that only a small portion of the work done is
mentioned.
The work in the area of gravity is mostly done in string the-
ory, entropic gravity and physics of black holes; however we
will only focus on the latter topics. The work in cosmology
is even more diverse, and thus it is impossible to delve into
all the various subareas of cosmology. We will only focus on
dark energy.
In the next section, work in gravity theories is reviewed,
and work concerning dark energy is reviewed in Section 3.
2 Gravity theories
There has been a number of papers written on entropic grav-
ity in the last two years [1–9].
In [1, 2], the authors proposed to use the energy flow to
replace energy in Verlinde’s proposal to derive the Einstein
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equations. The obvious advantage of this proposal over the
Verlinde’s is that the holographic screen can be either closed
or open, and one does not require it to be an equi-potential
surface. Thus the derived Einstein equations are more gen-
eral rather than valid only for some components. In this new







This is the expression in the 3+1 dimensional bulk. The disk
sweeps a solid cylinder in a time interal δt, and this cylin-
der has two kinds of boundaries: one consists of the initial
disk and the final disk, and another is a cylinder swept by
the boundary of the disk. From the viewpoint of holography,
the energy flow can be expressed completely on the bound-
ary. This expression can be divided into two parts. The first
part is the change of energy on the disk due to change of the
surface energy density, and the second part is the energy flow
through the boundary of the disk.
By introducing the surface stress tensor τi j, let ξi be the
Killing vector projected to the boundary, and let ui be the
unit vector normal to the disk, mi be the unit vector normal to













Di(τi jξ j)dAdt, (2.2)
where in the last equality we used the Stokes theorem. Now,
both the bulk expression and surface expression of the energy
flow have the same integral form. We need to equate the two
integrands only. Introducing the assumption
τi j = cKi j + qγi j, (2.3)
where Ki j is the extrinsic curvature of the surface and γi j the
induced metric, after some tedious calculations, we can de-
rive
cRμν + f gμν = Tμν, q = −cK. (2.4)
Applying the Bianchi identity we can derive a formula for f
and setting c = 1/(8πG), and we obtain the Einstein equa-
tions with a cosmological constant. Thus the E.O.M. of the
f (R) gravity can be derived in a similar way, while Verlinde’s
original idea does not apply to a general f (R).
In [3], another proposal is put forward. Let us use the first
law of thermodynamics instead of the energy flow
δS = β(δE − ωaδJa + pδA). (2.5)
Again, we work with a time-like screen. Now the screen is
cylinder-like and encloses a solid cylinder. On the screen, the
metric reads
γi jdxidx j = −N2dt2 + σab(dxa + Vadt)(dxb + Vbdt), (2.6)
where xa(a = 1, 2) and σab are coordinates and metric on B,
respectively.
To calculate energy and angular momentum, we need sur-
face energy density and current j; also the pressure is given
















, pab = sab. (2.9)
























with t a pure imaginary number. Note that the above defini-
tion can apply to the cases without black hole and β needs not
to be a constant on the screen. We assume the local equilib-
rium conditions, so the temperature and other intensive quan-
tities such as pressure and angular velocity can vary on the
screen. For simplicity, we redefine (it) as t. Now t is a real























The last ingredient is to introduce a surface stress so to have
energy density and j defined. If
τi j = c1R¯i j + c2 Θi j + fγi j, (2.13)
then,
ε = uiu jτ
i j, (2.14)


















































Demanding δS is a total diﬀerential, we find
Rμν − R2 gμν + Λgμν = 0, (2.18)
δhi j|Σt′ = δhi j|Σt′′ = 0, (2.19)
f = −c1 R¯2 − c2Θ + c3. (2.20)
We reviewed only three papers published in the last two
years. Numerous papers on entropic gravity have been writ-
ten, and it is impossble to do justice to all of them. The work
of [9] generalizes GKPW prescirption in the AdS/CFT cor-
respondence to a more general spacetime, checking whether
the thermodynamics work. This work may have a hidden link
to the work we discussed above.
We will not review in detail the work done in physics of
black holes. We refer to [10–13] for some papers in this ex-
citing direction.
3 Cosmology
It appears that there are more people working in cosmology
than in gravity in China, and thus it is not surprising that
much more papers have been written in the past two years.
Once again, it is impossible to even mention all the interest-
ing work. We will focus on dark energy.
The longest review article on dark energy written by far
is [14], and mostly recently this article is enlarged into a
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book [15]. The article and the book review comprehensively
the field of dark energy, and cover both theory and numerical
work.
Before we explain a new model of holographic dark en-
ergy with action, we would like to draw the reader’s atten-
tion to a recent investigation on the nature of dark energy
[16]. It is claimed in this paper that, while the cosmologi-
cal constant appears consistent with current data, but a dy-
namical dark energy model which evolves from w < −1 at
z = 0.25 to w > −1 at higher red-shift is mildly favored.
This result is obtained by applying a new non-parametric
Bayesian method for reconstructing the evolution history of
the equation-of-state w of dark energy, to a collection of
cosmological data. The latest supernova (SNLS 3-year or
Union2.1), cosmic microwave background, red-shift space
distortion and the baryonic acoustic oscillation measurements
(including BOSS, Wiggle Z and 6dF) are combined. Indeed,
a similar result was obtained in [17–19]. If dark energy is
indeed dynamical, this discovery will be as revolutionary as
the discovery of dark energy itself. Of course, only time will
tell whether the primitive evidence will turn out to be correct.
For other work on dark energy we refer the readers to
[20–30].
Next, we briefly reveiw a most recent progress toward a
holographic dark energy model (HDE) with actional princi-
ple. The first HDE model was proposed in [31], and this
model by far is one of most successful dynamical dark energy
models when data fitting is concerned. However, it has been
frequently challenged that it possesses the causality problem
and the circularity problem. The causality problem: it seems
that the evolution of universe depends on the future infor-
mation of universe, the future event horizon. Moreover, the
equations of motion are non-local since the future event hori-
zon is defined globally. The circular logic problem: the future
event horizon exists only in an accelerating universe. How
can one use an assumption based on the accelerating expan-
sion to explain the accelerating expansion?
The resolution of the two problems in [32] is apparently
simply by introducing an action for the holographic dark en-
ergy. Indeed one of the authors discussed this question with
A. Zee some seven years ago and failed to find an action for
the original HDE model. With a local action, apparently the
causality problem can be avoided, since with a local action
the derived equations of motion must be local as well. It is
not surprising that when the causality problem is resolved,
the circularity problem can be automatically resolved, since
the event horizon will be determined by the initial conditions;
therefore it must be finite.

















+ S M , (3.1)
where R is the Ricci scalar, a is the scale factor in the FRW
metric, N is the lapse function, and aL is introduced to play
the infrared cut-oﬀ in the HDE model. The E.O.M. derived












































where we have set N = 1. If we can prove L(∞) = 0 then we
prove that the event horizon is a consequence of the solution








(ρM + 3pM), (3.4)
and it can be easily seen that eventually the first term always
dominates the second in the far future. The dominating term
is positive and thus the expansion of the universe eventually
accelerates. Interesting, the intial value λ(0) can be explained
as dark radiation.


























1+ 43 c , c > 6, (3.6)
a ∼ ec3t, c3 > 0, c = 6, (3.7)






1+ 43 c , c < 6. (3.8)
We see that in all cases the universe’s expansion accelerates,
the big rip occurs in the third case c < 6. We also see that
for a → ∞ in the end; we must have L → 0, thus proving
L(∞) = 0. Therefore aL is the event horizon and the causal-
ity problem is solved.
The exact solution with matter and radiation is presented
in [32], and a numerical data fitting is already done and will
be presented in a future paper.
4 Conclusions
We briefly reviewed some work in gravity and cosmology.
We are witnessing tremendous research vigor in fundamental
research force in these areas in China.
To end this review, we also refer the reader to recent papers
in astrophysics [33–49]. Contained therein are applications to
cosmology, for instance, work on the gamma-ray bursts.
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